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Abstract 
The integrated offering of industrial products and services is an important opportunity for companies to differentiate themselves from their 
competitors and thus increasing their competitiveness. To support the development of the novel solutions, Müller has introduced the PSS 
development methodology, which proposes different methods for PSS development [2, 3, 4, 5]. To introduce these methods into industry an 
appropriate approach is required. This approach has been developed within the Collaborative Research Center Transregio 29 (CRC TR29) 
based on the findings of collaboration work with experts in the field of organizational change management, the communication with other CRC 
TR29 partners and numerous impulses from literature. The approach describes the introduction process, which includes an analysis of the 
corporate culture, the assignment of the needed knowledge to the involved players, the concrete introduction modules with chosen teaching 
methods and the establishment of a support organization for the development process. The detailed description of the process of introducing 
PSS development methodology, its evaluation process and the derived findings will be presented in detail in this paper. 
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1. Introduction 
The novel product understanding of PSS promises 
manufacturing companies that move from a traditional 
business (e.g. selling manufactured machines) to new business 
models (e.g. providing the machines and ensuring their 
availability) a lot of benefits like generating added revenue by 
combining services with the product, binding the customers to 
increase their loyalty or providing sustainable solutions. 
The transformation of companies to PSS solution providers 
requires a new mindset, structures as well as supporting 
methods and tools to cope with the new challenges in global 
markets. It is a major challenge for many interested 
businesses. The extension of the solution space increases the 
organizational complexity, because the time dimension of the 
service elements contained in the Industrial Product-Service 
Systems sets special requirements for tools and methods of 
the PSS provider [1]. Such tools have been elaborated within 
the PSS research field. In this paper an approach for the 
introduction of methods and tools of the PSS development 
methodology by Müller [2,3,4,5] will be presented. Though 
the methods and tools of PSS development methodology have 
already been evaluated, for the proper usage by the industry, 
they have to be appropriately introduced so that they can 
deliver proper results.  
2. Research Methodology 
To develop an appropriate approach for introducing the 
PSS development methods and knowledge into the industry, 
the following four research stages have been conducted: 
 
1. Literature research 
2. Development of the new approach 
3. Expert feedback on new approach 
4. Evaluation in an industrial case and student projects 
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Literature research 
The focus of the literature research concentrated firstly on 
the process of introducing new knowledge into the industry. 
To identify the existing approaches the relevant literatures in 
the field of organizational change management have been 
reviewed. As the state of the art, the following three methods 
have been identified: The Systematic Change Management 
Approach according to Rank and Scheinpfug [6], which 
describes the planning, implementation and controlling of 
change management in the economy, the Field Theory 
according to Lewin, which subdivides into the three phases 
“unfreezing”, “moving” and “refreezing” to depict the change 
process, and the “Eight Steps to Transforming your 
Organization” according to Kotter [7]. Those were the basis to 
develop the introduction process described in section three. 
Secondly, teaching methods and tools have been identified 
and evaluated. The “Tools according to Capgemini” [8] for 
knowledge transfer in combination with innovative tools (e.g. 
“e-Learning” or “Game Based Learning”) build the basis for 
the new approach. 
Development of the new approach 
On the basis of the identified existing methods and tools 
the new approach was developed. This approach takes into 
consideration all specific aspects of the PSS theory and adapts 
the identified methods and tools with respect to these issues. 
This adheres to the method specific knowledge, e.g. how to 
use the PSS Layer Method [3], as well as the theoretical 
knowledge of PSS (e.g. the special benefits and challenges). 
Expert feedback on new approach 
The initial evaluation of the developed approach has been 
done in eight workshops with two experts from change 
management domain, who have more than ten years of 
experiences in industry. Additionally a workshop with six 
master students of mechanical engineering was conducted.  
In the workshops with the experts from change 
management domain, the introduction process of the PSS 
development methodology (short: introduction process) 
including all used teaching methods and tools were presented 
and discussed. At the beginning of the first workshop, the 
theory of PSS was explained to the participants. Afterwards, 
the expected organizational changes and the challenges at the 
introduction of an PSS development were discussed.  
In the next four workshops, concepts of an introduction 
process with respect to adult education have been presented to 
and examined with the experts. Participants of the PSS 
development have been identified, assigned to groups and the 
knowledge needed by the groups has been identified. 
Subsequently, the cultural aspects of the organization and 
their role in the process of introducing new knowledge into 
the organization have been discussed. Also the integration of 
the introduction process into the PSS development process 
has been considered. The result of the workshops is the 
introduction process which considers three groups of PSS 
development participants with different needs of PSS 
methods, tools and knowledge. Moreover, the introduction 
process should not be integrated into the PSS development 
process but start before it since all of the knowledge is needed 
to make decisions and start the PSS development. However, 
in case of new members of the PSS network, the introduction 
process of the PSS development methodology should be 
carried out parallel to PSS development process to introduce 
the PSS development methods to them. 
In the last three workshops the teaching methods and tools 
for adult education have been discussed. Based on the 
literature, teaching methods for the concerned PSS 
development methods and tools have been chosen and 
presented by the researchers. The criteria were their 
effectiveness and the compatibility to adult education. With 
the feedback from the discussion with the experts, who have 
been practicing different teaching methods and tools in their 
carrier, a set of appropriate teaching methods and tools has 
been defined. All of the participants of the workshops agreed 
that the widespread teaching methods like frontal teaching, 
discussion and workshops are suitable for all the PSS 
development groups if they were prepared properly. Among 
the suggested teaching methods, the experts pointed out, that 
the Game Based Teaching method, which has not been widely 
applied in the industry, might not be suitable.  
Under Game Based Learning, a teaching and learning 
method is understood, that combines learning and playing 
together to increase the motivation, thus the effectiveness of 
learning the new knowledge. In the field of PSS there are two 
known games that are especially developed to teach PSS: 
Battleship from Herzog [9] and EDIPS from TMU [10]. 
Battleship is a game based on a gamestorming approach, 
which uses brain storming in a playful way. The core of the 
approach is the systematic way to generate a concept of a PSS 
whereas both products and services can equally be considered 
as a solution to given functions. EDIPS teaches PSS on an 
economic level. It shows the players that a company needs to 
move towards providing PSS to be successful in a market. It 
also shows that the transition towards a PSS provider requires 
an investment and time. 
To verify the doubts of the experts, a workshop with six 
master students of mechanical engineering with no knowledge 
on PSS has been organized and the game Battleship [9] has 
been evaluated. The PSS theory and the game rules have been 
shortly presented at the beginning of the workshop. 
Afterwards the master students played the game and learnt 
PSS mindset in the progress. The feedback of the students 
after playing the game was positive. They found it helpful to 
understand the role of services as well as their 
interdependences to products in a PSS solution. Moreover 
they stated that it was fun to learn that way and they would 
recommend it to the other students. This workshop shows that 
the Game Based Learning method is a promising approach to 
teach basic PSS theory and to establish a PSS mindset for 
upcoming engineers. Hence, it has a great potential to be 
applied to engineers in the industry. 
 The feedback from all of the workshops helped with the 
identification of weaknesses of the introduction process, 
teaching methods and tools. Thus the new approach could be 
continuously improved.  
76   Hoai Nam Nguyen et al. /  Procedia CIRP  16 ( 2014 )  74 – 79 
Evaluation in an industrial use case and student projects  
For further evaluation of the introduction process it is 
planned to use it in an industrial case study in collaboration 
with a crane manufacturer. Also it is planned to evaluate the 
introduction process in student projects. A closer description 
of the use case will follow in section four. 
3. An approach for the introduction of the PSS 
development methods and tools in companies 
To introduce the PSS development methods and tools of 
the PSS development methodology in industry an approach 
has been developed which consists of an introduction process 
as well as teaching methods and introduction tools. 
3.1. Chosen teaching methods and tools 
Appropriate teaching methods and tools for the 
introduction of the PSS development methods of the PSS 
development methodology has been selected by deduction. In 
order not to exceed the scope of this paper, only a few chosen 
teaching methods and tools for introduction are described 
here. Thus, the PSS development methods and tools have 
been divided into the following three groups: basis theoretical 
knowledge, application-oriented expertise, and application-
oriented management knowledge (see Fig. 1).  
At the introduction of the theoretical knowledge of PSS 
into a company, it needs to be taken into account, that those 
need to be understood quickly, so that the attractiveness of 
this novel product understanding can be remained. Therefore, 
in addition to the frontal teaching, an active part like 
discussion or a dedicated game should be included. 
Application-oriented expertise refers to the knowledge 
about the PSS Layer Method and the PSS Requirements 
Checklist as well as their usage. The theoretical part of the 
methods can be introduced with frontal teaching or by 
applying e-Learing. However, the usage of them needs to be 
introduced and practiced in workshops with suitable examples 
so that the participants can be interactively involved. 
Application-oriented management knowledge describes 
knowledge of the planning and execution of PSS development 
projects. Here, the knowledge about the PSS development 
process, the method for planning an PSS development and the 
use of the supporting software is in the foreground. For the 
introduction of the PSS development process, a discussion in 
which participants have the opportunity for feedback is 
suitable. Also a guide for self-learning should be considererd 
in some cases. The introduction of the supporting software 
should be carried out in a form of training with an example. 
In addition to the teaching methods, tools such as pocket 
cards can be used. These are small cards, which can contain 
brief information and illustrating graphics on PSS methods 
and tools (e.g. PSS Layer Method and PSS Requirements 
Checklist). The main advantage of these cards is the high 
density of information, fast delivery of knowledge as well as 
easiness to carry them around. 
It needs to be taken into account that the introduced 
knowledge needs to be available even after the introduction 
process. For looking up the theory as well as examples after 
the active introduction process, a specially prepared wiki with 
definitions of special terms (e.g. PSS business model) and 
descriptions of methods (e.g. PSS Layer Method) can be 
provided. The advantages of a wiki are its availability on the 
network and the possibility to include the company's 
employees into the process of maintaining data. Those can 
provide company-specific information and examples, which 
would increase the understanding of PSS knowledge. 
 
 
Fig. 1. Teaching methods and tools for introducing PSS development 
knowledge 
3.2. The introduction process for introducing PSS 
development knowledge 
The introduction process includes an analysis of the 
corporate culture, assignment of the needed knowledge to the 
involved players, concrete introduction modules, teaching 
methods and tools as well as the establishment of a support 
role for the PSS development process (see Fig. 2). 
 
 
Fig. 2. The introduction process for introducing PSS development knowledge 
3.2.1. Analysis of the corporate culture 
 
By analyzing the corporate culture a basis for a custom 
introduction is created. Knowledge of the values, attitude of 
mind and manners are the basis for a definition of the form of 
communication, which is a decisive factor for the success of 
an introduction of new knowledge in this company. 
3.2.2. Assignment of the knowledge to the involved players 
 
The participants of the development of an PSS can be 
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management and project employees. The strategic relevance 
of PSS for the provider companies calls for the participation 
of the corporate management in the development process. The 
corporate management should be familiar with the PSS theory 
and development, to some extent. In comparison to corporate 
managers, project managers who are responsible for the whole 
PSS development and control the course of the project have 
an increased need for knowledge about the PSS theory. 
Finally, project employees are in charge of active generation 
of PSS content, so that this group must gain better knowledge 
about PSS methods and tools. Each of this group needs 
different knowledge to be able to fulfill their role in the novel 
development process. To provide them with the appropriate 
knowledge three different knowledge modules have been 
conducted. For each of the knowledge module PSS methods 
and tools of the PSS development methodology has been 
assigned. With the support tool (see Fig. 3), the right 
knowledge for the right methods and tools can be assigned to 
the right participants of the development projects. 
 
 
Fig. 3. Support tool for assignment of the knowledge to the involved players 
3.2.3. Introduction modules 
 
To adequately introduce PSS knowledge to participants of 
PSS development three different introduction modules have 
been defined: sensitization of corporate management, training 
of project managers, and training of project employees. For 
each of the introduction modules, a general flow has been 
defined. Appropriate teaching methods and tools for target 
group have also been proposed. 
3.2.3.1. Sensitization of corporate management 
 
When a company wants to offer PSS, significant changes, 
such as changes to the existing development process and a 
stronger involvement of the customer in the PSS 
development, are needed. To ensure the desired effects of 
these changes, they must be consistently supported and 
promoted by the corporate management. For this purpose, it is 
necessary to sensitize the corporate management so that they 
are aware of and understand the benefits, risks and challenges 
in implementing the necessary changes in the company. This 
knowledge can be introduced in the combination of frontal 
teaching and discussion (e.g. for PSS theory) as well as 
workshops (e.g. with PSS Layer Method to increase the 
understanding of the solution system). To assist the 
introduction, specially prepared posters, Pocket cards and a 
Wiki can be used. The introduction of PSS knowledge to 
corporate management is to be conducted with the support of 
a coach who is both an expert in the PSS theory as well as on 
organizational change management. 
The two existing Game Based Learning methods for 
teaching PSS, EDIPS and Battleship, are still in the 
development and have not been evaluated with corporate 
manager. Therefore, the decision, whether they could be used 
in teaching corporate managers needs to be made by an 
experienced coach after the analysis of the corporate culture 
for each of the cases. 
3.2.3.2. Training of project managers 
 
For the introduction of the PSS development theory to 
project managers the teaching methods and tools used at 
sensitization of corporate management can be similarly 
applied. One task of the project manager is the planning of an 
PSS development project. Since the PSS development differs 
from the development of a technical product or service 
development, the generic PSS development process model is 
introduced to the project manager to give him the high-level 
overview of the PSS development process as well as the 
challenges he would face in the PSS development. However, 
to plan PSS development projects, a project manager will be 
introduced to the method for operationalizing PSS 
development process. This method and the IT assistant can be 
introduced with workshops (e.g. for the definition of 
company-specific PSS development process) and training 
(e.g. for teaching the software usage). Pocket cards, a poster 
and a wiki after the active introduction are also recommended. 
3.2.3.3. Training of project employees 
 
For an efficient work of the project team in the PSS 
development process, specific methods and tools (e.g. PSS 
Layer Method, PSS Requirements Checklist) will be 
introduced. Here, particularly workshops in combination with 
Game Based Learning approaches are highly recommended. 
Through the playful alignment they offer better acceptance 
among participants. In this case, pocket cards, a poster and a 
wiki can also be used after the active introduction. 
3.2.4. Establishment of a support role for the PSS 
development process 
 
In order to support the efficient usage of the introduced 
PSS methods and tools after the active introduction of PSS-
specific knowledge with introduction modules, it is useful to 
establish a company-wide support role for PSS development 
methodology. This role should be performed by an 
experienced employee, who must get the dedicated time 
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questions about PSS knowledge for all involved employees, to 
ensure the efficient usage of the methods and tools. 
4. Preparation for an Use Case with a crane manufacturer  
For further evaluation of the introduction process it will be 
applied in collaboration with a crane manufacturer. This 
industrial partner is yet new to the field of PSS and the 
development process will be supported by certain researchers 
from the Collaborative Research Center Transregio 29. The 
developed PSS development methods and tools will be 
applied in this research project. To empower the involved 
parties for the new PSS development process the therefore 
needed knowledge needs to be transferred to the project 
participants. Hence this will offer the perfect conditions for 
applying and evaluating the introduction process as well as its 
teaching methods and tools.  
The so called transfer project is now in the planning phase. 
Therefore, the execution of the first two steps of the 
introduction process and only the planning of the introduction 
modules will be described in this paper. This includes the 
planning of the trainings as well as the creation of the used 
tools (e.g. Pocket Cards). The appliance of the introduction 
process will be carried out in a next step. 
The following sections describe the particular steps of the 
introduction process. First the corporate culture is analyzed 
before the involved parties are assigned to the introduction 
modules. Afterwards, the configuration of the specific 
introduction modules is described. 
4.1. Analysis of the corporate culture 
The first step of the introduction process is the analysis of 
the corporate culture. In the use case, the crane manufacturer 
is owned by an American enterprise. It is a global player in 
their field with more than 20.000 employees and different 
brands. Hence the company structure is very hierarchy and the 
brands need to follow the rules of the mother enterprise.  
Therefore it will be essential to address the top 
management and make their role in the PSS development 
process clear to them so that they will support the necessary 
changes in the development process. To that reason the 
sensitization of the corporate management will be crucial to 
the success of the development process. Hence it is of 
particular importance to choose the right methods and tools 
for the knowledge transfer. 
4.2. Assignment of the needed knowledge to the involved 
players  
The assignment of the involved parties to the specific 
introduction modules result from their role in the development 
project (cf. section three). Table three gives an overview of 
the identified and assigned project participants. 
The head of the development department and the Vice 
President Services were assigned to the module “Sensitization 
of the top management” whereas the two project managers 
were assigned to the correspondent communication module. 
The module “Training of project employees” includes all 
other participants of the PSS development process. They will 
be identified at the beginning of the development process. 
 
 
Table 3 PSS development process participants 
4.3. Sensitization of the corporate management 
The corporate management does not have the time to 
participate in time consuming workshops and the two 
managers of this communication module are located at 
different sites. For these reasons the following two methods 
were chosen to introduce the needed knowledge:  
Firstly, the knowledge will be introduced through a two 
hour online meeting, which can be seen as frontal teaching. In 
these online trainings the trainer provides them with 
knowledge about the PSS-system understanding and 
terminology and knowledge about the generic PSS 
development process. Furthermore, they will get to know their 
specific role in the project and why they need to promote the 
new methods and tools to the employees. As mentioned 
before the contemplated company has a hierarchical structure 
which makes it even more important for the corporate 
management to understand their role and the effects of their 
behavior. They need to support the tools and methods for PSS 
development all the time. Otherwise the employees will not 
accept them.  
Secondly, pocked cards with the before introduced 
knowledge will be provided to the participants (see Fig. 4). 
This will give them the opportunity to look up the PSS theory 
at any time. 
4.4. Training of project managers 
The needed knowledge for the members of this 
introduction module is also the PSS-system understanding and 
terminology and knowledge about the generic PSS 
development process. In addition, knowledge about the PSS 
Layer Method [3] and the PSS Requirements Checklist [4] as 
well as appliance specific knowledge about the method for 
operationalizing PSS development process and about the 
before described introduction process (cf. section three).  
Similar to the sensitization of the corporate management, 
the tools frontal teaching and pocket card were chosen to 
communicate the needed knowledge. In contrast to the 
sensitization of the corporate management the frontal teaching 
will not take place in an online meeting but on site, at the 
beginning of a six hours workshop with the project managers. 
The first two hours of the workshop the trainer will present 
the theoretical knowledge.  
In the last four hours, the project managers will apply the 
method for operationalizing PSS development process to 
achieve the appliance specific knowledge. The therefore 
chosen example will be the planning of an already conducted 
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PSS development project. Thereby the benefits of the method 
for operationalizing PSS development process can be shown 
by demonstrating that the mistakes from the past development 
could have been prevented. This can help cutting possible 
natural antipathy against this new method. In contrast to the 
frontal teaching the pocket cards only differ by the content. 
 
 
Fig. 4, Example of a Pocket Card 
4.5. Training of the project employees 
The content of this introduction module is quite similar to 
the knowledge transferred to the project managers. The 
difference is that they do not need any knowledge about the 
method for operationalizing PSS development process and the 
introduction process. Additionally they need detailed and 
appliance specific knowledge about the PSS Layer Method 
and PSS Requirements Checklist as they need to use these 
methods in the development process.  
The chosen teaching methods are quite similar to these 
from the last introduction module too. The difference is that 
the focus is even more on applying the methods and tools as it 
was for the project managers. Hence the workshop will last 
two days, at the end of the appliance phase, an analysis of the 
example of use will be conducted and the lessons learned will 
be documented.  
In addition to the pocket cards a Wiki will be established in 
which the project employees can enter their experiences with 
the methods and tools.  
5. Final considerations 
Summing up, the introduction process of the PSS 
development methodology is a systematic and integrated way 
for introducing PSS development knowledge into the 
industry. Basis for this introduction process are the analysis of 
the corporate culture and the three introduction modules. 
Furthermore it is important not to integrate the introduction 
process in the PSS development but to execute it partly before 
the development starts and partly on demand. Hence the 
sensitization of the corporate management and the training of 
the project managers should be conducted before the 
development process starts to create the appropriate 
conditions. In contrast, the training of the project employees 
can be conducted when the development process has already 
started. 
The decision, which tools (e.g. combining frontal teaching 
and pocket cards) are used to introduce the PSS development 
knowledge depends on the company culture as well as the role 
of the PSS development participant. Hence game based 
learning might not be suitable for managers but could be a 
good tool for training the project employees. 
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